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ABSTRACT 

Porcine rubulavirus (PoRV) is an emerging virus causing meningo-encephalitis and reproductive failures 
in pigs. Little is known about the pathogenesis and immune evasion of this virus; therefore research on 
the mechanisms underlying tissue damage during infection is essential. To explore these mechanisms, the 
effect of PoRV on the transcription of interferon (IFN) pathway members was analyzed in vitro by semi- 
quantitative RT-PCR. Ten TCID 50 of PoRV stimulated transcription of IFNa, IFN(3, STAT1, STAT2, p48 
and OAS genes in neuroblastoma cells, whereas infection with 100 TCID 50 did not stimulate transcription 
levels more than non-infected cells. When the cells were primed with IFNa, infection with 1 TCDI 50 of 
PoRV sufficed to stimulate the transcription of the same genes, but 10 and 100 TCID 50 did not modify the 
transcription level of those genes as compared with non-infected and primed controls. MxA gene 
transcription was observed only when the cells were primed with IFNa and stimulated with 10 TCID50, 
whereas 100 TCID50 of PoRV did not modify the MxA transcription level as compared to non-infected 
and primed cells. Our results show that PoRV replication at low titers stimulates the expression of IFN- 
responsive genes in neuroblastoma cells, and suggest that replication of PoRV at higher titers inhibits the 
transcription of several members of the IFN pathway. These findings may contribute to the understanding 
of the pathogenesis of PoRV. 
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INTRODUCTION 

Porcine rubulavirus (PoRV), also known as La Piedad 
Michoacan Mexico virus (LPMV) is an emerging 



paramyxovirus causing blue eye disease (BED) in swine, an 
endemic disease in Mexico characterized by nervous, 
respiratory, and reproductive signs, with corneal opacity (14, 
21). 
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PoRV is an enveloped virus constituted by a single 
stranded negative sense RNA genome of 15 kb, which is 
divided into six genes that code for the structural proteins: 
nucleoprotein (NP), phosphoprotein (P), matrix (M), fusion 
(F), hemagglutinin-neuraminidase (HN) and large (L) proteins 
(1, 14, 20, 22). 

In recent works our group has reported the variability of 
the hemagglutinin-neuraminidase at both genetic and 
biochemical levels, which reveals an active way of variability 
in PoRV isolates (3, 19). This fact seems to be promoted by the 
selective pressure exercised by the immune system of pigs, 
which has been shown to be directed specially against HN 
protein (10). 

In many viral diseases, the infection is controlled at the 
cellular level by type I interferon (IFN a/p) produced in 
response to the presence of viral double stranded RNA 
(dsRNA). Recognition of IFN-I by its specific cell receptors 
activates the signaling pathway JAK-STAT that includes the 
signal transducers and activators of transcription STAT1 and 
STAT2. Upon phosphorylation, STAT1 and STAT2 form 
heterodimers that translocate to the nucleus, where they 
associate with p48 (IRF9) to induce the activation of several 
IFN responsive genes, including: dsRNA-dependent protein 
kinase R (PKR), 2'5' oligoadenylate synthetase (OAS) and 
myxovirus resistance protein A (MxA), leading together to 
inhibition of viral replication, transcription and protein 
expression (16). 

It has been demonstrated that several rubulaviruses inhibit 
the IFN antiviral responses by sequestering or targeting STAT 
proteins for proteosomal degradation, i.e. SV5 targets STAT1 
(25), HuPIV-2 targets STAT2 (15), MuV target STAT1 and 
STAT2 (12), while Mapuera virus sequesters STAT1 and 
STAT2 in the cytoplasm (9). 

Little is known about the pathogenesis and immune 
response during PoRV infection. Investigation of the 
mechanisms underlying immune evasion by this virus is 
essential for understanding its pathogenesis. In order to explore 



the effect of PoRV on different host IFN genes we performed a 
series of infections in vitro to identify the possible role of this 
virus in the modulation of host IFN-stimulated genes. 

MATERIAL AND METHODS 

Virus and cells 

LPM virus (1984) was replicated in pig kidney PK-15 and 
in human neuroblastoma SH-SY5Y cells. The cell cultures 
were maintained in high glucose Dulbecco's minimum 
essential medium (DMEM) (Sigma Chemicals, San Luis 
MO.,USA) supplemented with 10% fetal bovine serum (FBS), 
100 U/ml penicillin and 100 mg/ml streptomycin. Non- 
essential amino acids and 8 mM sodium pyruvate were added 
to the medium used for SH-SY5Y cell cultures. The infected 
supernatants in PK-15 cells were harvested and clarified by 
centrifugation at 3200 rpm for 40 min at 4 °C (17). 

Virus titration 

The viral titers were determined on PK-15 cell monolayers 
by means of the TCID 50 standard method and calculated using 
the Reed-Muench protocol (2). 

PoRV infection on cells 

SH-SY5Y cells were seeded in 35-mm culture plates with 
DMEM-10% FBS and incubated at 37 °C during 24 h. Cells 
were then treated (primed) with 2000 IU/ml human 
recombinant IFN-a2b (Probiomed, Mexico City) in DMEM 
without serum during 5 h. After that, unprimed and IFN- 
primed cells were inoculated with PoRV at different infectious 
doses (1, 10, and 100 TCID 50 ). Non-infected cells, both primed 
and unprimed, were used as controls. 

Transcription of viral and cellular genes 

Mock and IFN-primed SH-SY5Y cells seeded on 35-mm 
plates were infected with PoRV. Total RNA was extracted at 
48 h p.i. using Trizol reagent (Invitrogen, Carlsbad, CA) and 
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treated with DNase I (Fermentas, Burlington, ON). cDNA was 
synthesized and amplified by RT-PCR using Superscript II 
One-Step RT-PCR System with Platinum Taq (Invitrogen, 
Carlsbad, CA) according to manufacturer's instructions. 
Primers for cellular genes and conditions for RT-PCR reactions 
were obtained from previous reports (7, 18). The house- 
keeping gene cyclophilin (CP) was used as an internal control. 
Amplified products were analyzed by electrophoresis on a 2% 
agarose gel. Images were captured in a Kodak EDAS 290 LE 
system (Eastman Kodak Co., Rochester, NY) and analyzed 
with Quantity-One software (Bio-Rad, Hercules, CA). Results 
were reported as optical density gene/CP ratios. The obtained 
data were analyzed using the non-parametric Kruskal-Wallis 
and Mann-Whitney U tests. The values were reported as means 
of three replicates + standard deviation; significance was set at 



P<0.05. 

RESULTS 

Effect of IFN-a on the PoRV infection 

To determine the possible antiviral effect of IFN-a against 
PoRV we infected IFN primed or mock PK-15 cells with 
different doses: 1, 10 and 100 TCID 50 , and the viral titers in 
supernatants were determined at 48 h, p.i. Figure 1 shows that 
infection with 1 TCID 50 PoRV induced a low infectious titer 
that was eliminated when the cells were treated with IFN, 
whereas in the infection with 10 TCID 50 the IFN decreased in 1 
log the viral titers and, at 100 TCID 50 , the difference between 
IFN-treated and mock infected cells was circa 0.5 log. 




10 100 
TCID^ 



] No IFN-pnmed control 'FN-primed cells 



Figure 1. Effect of IFNa on the PoRV replication in SH-SY5Y cells. PoRV was inoculated in IFNa-primed or unprimed SH- 
SY5Y cells and TCID 50 titers were determined at 48 h post-infection. 
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Transcriptional levels of IFNa and IFNp genes 

The transcription of some IFN responsive genes was 
analyzed to identify if viral infection modifies the antiviral 
response. Fig. 2A shows that unprimed neuroblastoma cells 
presented a basal level of IFNa transcript that was enhanced 
when cells were infected with 10 TCID 50 , however when the 
infection was performed using 100 TCID 50 the transcription 
level was not modified respect to the basal values. In the case 
of IFNP, the transcript was undetectable in uninfected control 



cells and it was stimulated by the presence of the virus, 
increasing according to viral doses. 

When the cells were primed with IFN some differences 
were observed (Figure 2B). Both IFNa and IFNp genes were 
transcribed in uninfected cells and enhanced when the cells 
were infected with only 1 TCID 50 . When we used a higher viral 
titer the IFNa gene transcription was comparable with the 
control level, whereas IFNp gene transcription presented lower 
levels than the control. 



A B 




Figure 2. Tanscription levels of IFNa and IFNP genes. PoRV was inoculated at 1, 10 and 100 TCID 50 into unprimed (A) or IFN-primed 
SHSY-5Y cells (B). Specific segments of IFNa and IFNp sequences were amplified by RT-PCR on total RNA extracted from infected or 
uninfected cells and analyzed by means of agarose gel electrophoresis and densitometry. Data represents the mean of three experiments ± 
standard deviation. In the gel, CP indicates the RT-PCR amplicon of the cellular house-keeping gene cyclophilin and M the molecular 
marker (100 pb ladder). *P<0.05 compared with uninfected control infection. 



Transcriptional levels of ISGF3 components 

To determine the possible interference of the virus in IFN 
signaling, we analyzed the transcription levels of the three 
components of ISGF3: STAT1, STAT2 and p48. All these 



genes presented a basal level of transcription that was 
stimulated when the cells were infected (Figure 3A). This 
increase was evident during the infection with 10 TCID 50 
PoRV, whereas with 100 TCID 50 the transcription levels were 
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reduced to basal values. In contrast, the IFN-primed cells 
showed that the transcripts of the three genes were increased 
when they were infected using 1 TCID 50 only, and the levels 
were lower when higher viral titers were used, which were 
comparable with basal levels of transcription (Figure 3B). 
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Figure 3. Tanscription levels of STAT1, STAT2 and p48 genes. 
PoRV was inoculated at 1, 10 and 100 TCID50 into unprimed (A) 
of IFN-primed SHSY-5Y cells (B). Specific fragments of STAT1, 
STAT2 and p48 sequences were amplified by RT-PCR on total 
RNA extracted from infected or uninfected cells and analyzed by 
means of agarose gel electrophoresis and densitometry. Data 
represents the mean of three experiments. *P<0.05 compared with 
uninfected control. 



Transcriptional levels of IFN responsive effector proteins 

A major cell resource against viral infections is a group of 
proteins with direct antiviral activities, such as OAS, PKR and 
MxA. The transcription levels and activation by PoRV infection in 
neuroblastoma cells was different in this group of genes: OAS had 
a basal level in uninfected cells that was stimulated when the cells 
were infected with 10 TCID 50 and decreased to basal values when 
100 TCID 5 o was used (Figure 4). In contrast, basal PKR 
transcription was not modified by the PoRV infection. In the case 
of MxA, the RT-PCR product was not observed in either infected 
or uninfected cells. 

When IFN-primed cells were analyzed, a different expression 
pattern was observed. The transcription of OAS was similar to that 
of STAT1, STAT2, and p48 genes, which showed a more 
activated transcription using only 1 TCID 50 in IFN treated cells 
and reducing the transcription levels with a trend to basal values 
when the cells were infected with 10 and 100 TCID 50 (Figure 4B). 
On the other hand, the transcription level of PKR in uninfected 
IFN-primed cells is similar to unprimed cells, although the 
infection had a stimulating effect on the transcription, which was 
slightly modified when the cells were infected with 1, 10 or 100 
TCID50 A different pattern corresponds to the MxA transcription, 
which was not detected in unprimed cells, however the IFN 
treatment stimulated its transcription. The virus infection enhanced 
the MxA transcription when 10 TCID 50 was used, and reducing it 
to basal levels when using 100 TCID 50 . 
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Figure 4. Tanscription levels of OAS, PKR and MxA genes. 
PoRV was inoculated at 1, 10 and 100 TCID 50 into unprimed 
(A) or IFN-primed SHSY-5Y cells (B). Specific segments of 
OAS, PKR and MxA sequences were amplified by RT-PCR on 
total RNA extracted from infected or uninfected cells and 
analyzed by means of agarose gel electrophoresis and 
densitometry. Data represents the mean of three experiments. 
*P<0.05 compared with uninfected control infection. 

DISCUSSION 

The IFN system is a key event in the establishment of the 
antiviral state of the cell. Many viruses have the ability to 
inhibit this response, i.e. paramyxoviruses, which interfere with 
several proteins related with this process (16). To explore the 
mechanisms of pathogenesis in PoRV infection we used a 
semi-quantitative RT-PCR test to analyze the relative 
expression of several genes involved in the type I interferon 
pathway. This protocol has demonstrated to be efficient in a 
preview study, where we determined the expression of the 
same or similar genes which are involved in the establishment 
of antiviral state in the cells (18). 

According to the present results, in vitro PoRV replication 
is inhibited by IFNa, although the effect is reduced when a 
higher titer of PoRV was used to infect the cells. This fact 



suggests that PoRV could inhibit some factors of the IFN 
pathway, as has been reported for other paramyxoviruses (16). 
These probable events were analyzed by a semi-quantitative 
RT-PCR in order to explore the transcription rate of several 
genes involved in the IFN response. 

In our experiments, PoRV was not able to activate or to 
stimulate the transcription of most analyzed genes when a low 
dose of 1 TCID 50 was used in the infections on IFN-unprimed 
cells. It was necessary to inoculate the cells with 10 TCID 50 to 
observe a stimulatory effect. Nevertheless, the cells infected 
with higher doses of virus (100 TCID 50 ) experience an apparent 
inhibitory effect on the transcription of these genes. The 
exception was IFNp gene, that showed an increasing level of 
transcription depending on the viral titer, including the 
infection with 1 TCID 50 , which was not detected in uninfected 
cells. Several works have shown that IFNp transcription is 
strongly regulated and RNAm is not detected (24) and this 
gene needs a higher order transcription enhancer complex with 
multiple transcription factors, which are stimulated by a virus 
infection (6, 23). 

When the cells were infected with 10 TCID 50 , activation 
was observed in most genes, which indicates that cells have 
processed the different inducers of IFN signals, which in turn 
depends on virus availability. However when the cells were 
infected with a high titer of PoRV (100 TCID 50 ) the 
transcription levels of almost all genes were decreased to basal 
values, which suggests that some anti-IFN viral factor could be 
acting in the infected cells. This anti-IFN effect is typical in 
paramyxoviruses, such as mumps (12, 18), simian virus 5 (25, 
26) and other parainfluenzaviruses (5, 13). 

On the other hand, when the infection was performed on 
IFN-primed cells, the transcription of most genes increased 
when 1 TCID 50 was used, in contrast with unprimed cells, 
which presented the highest transcription at 10 TCID 50 . These 
data suggest that primed cells are more effective to respond 
against PoRV infection since a lower viral titer suffices to 
increase the transcription of studied genes. 
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The anti-IFN effects of paramyxoviruses has been 
associated with the expression of the V protein, coded in the 
P/V gene and expressed by a co-transcriptional edition of the P 
protein open reading frame (4, 8, 11). The mechanism by 
which PoRV inhibits the transcription of these genes is still 
unknown; however, since it belongs to the Rubulavirus genus it 
is possible that the V protein is involved in these effects. 

The V protein has been characterized as an anti-IFN 
resource during paramyxovirus infections. This protein has a 
direct effect on the JAK-STAT signaling unchained by IFN. 
The precise role of the V protein is generated by the interaction 
with STAT members, which are sequestered or targeted for 
degradation, inhibiting in this way the activation of the anti- 
viral genes primed by IFN (9, 12, 25). 

In a recent work our group showed a differential effect of 
the V protein during MuV infection in vitro (18). A viral clone 
obtained from the Urabe AM9 vaccine presents three G 
nucleotides in the P/V edition site, producing the insertion of a 
glycine residue in its V protein. The replication and interferon 
sensitivity levels of this virus were deficient when it was 
compared with another viral clone obtained from the same 
vaccine, that did not present this Gly insertion. These results 
suggest that the deficient replication of the MuV with Gly 
insertion is influenced by its sensitivity to interferon and its 
capacity to reduce the antiviral response. 

In the case of PoRV, there is no information available 
about the possible mechanisms of blocking IFN activity. The 
antiviral activity of any of the virus factors is involved in 
decreasing the transcription levels of members of the IFN 
pathway; however, other experiments will be necessary to 
determine the precise mechanism of this phenomenon. These 
experimental procedures must involve protein expression 
studies, analysis of activation or inactivation by 
phosphorilation of STAT proteins or blocking of the 
translocation of transcription factors, among other evidences. 

Summarizing, PoRV has the ability of inhibiting some 
components of the IFN pathway, which may negatively 



influence the antiviral-response in the host and might 
contribute to its pathogenicity. 
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